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(YDOXDWLRQRIZDWHUVDOLQLW\HIIHFWVRQWKHVHDOLFH/HSHRSKWKHLUXVVDOPRQLVIRXQGRQIDUPHG
$WODQWLFVDOPRQLQ0XFKDODW,QOHW%ULWLVK&ROXPELD&DQDGD 
 
*$UULDJDGD59DQGHUVWLFKHO+6WU\KQ%0LOOLJDQ&:5HYLH 
 
&HQWUHIRU9HWHULQDU\(SLGHPLRORJLFDO5HVHDUFK'HSDUWPHQWRI+HDOWK0DQDJHPHQW$WODQWLF9HWHULQDU\
&ROOHJH8QLYHUVLW\RI3ULQFH(GZDUG,VODQG&KDUORWWHWRZQ3(&$3&DQDGD 
*ULHJ6HDIRRG%&/WG,URQZRRG6WUHHW&DPSEHOO5LYHU%&9:3&DQDGD 
 
 
$EVWUDFW 
 
7KH VHD ORXVH /HSHRSKWKHLUXV VDOPRQLV LV D PDMRU HFWRSDUDVLWH RI ERWK IDUPHG DQG ZLOG
VDOPRQLGVWKDWFDXVHVVXEVWDQWLDOHFRQRPLFORVVHVWR WKHVDOPRQLQGXVWU\ZRUOGZLGH+RZHYHU
LQ%ULWLVK&ROXPELD%&VHDOLFHGRQRWW\SLFDOO\UHSUHVHQWDVLJQLILFDQWKHDOWKWKUHDWWRIDUPHG
VDOPRQ 6HD OLFH SDWWHUQV RQ$WODQWLF VDOPRQ IDUPV LQ %& DUH QRW IXOO\ XQGHUVWRRG EXW LW LV
EHOLHYHGWKH\DUHKLJKO\LQIOXHQFHGE\VHDZDWHUVDOLQLW\OHYHOVZKLFKYDU\GUDPDWLFDOO\RYHUWKH
\HDU7KHREMHFWLYHRIWKLVLQYHVWLJDWLRQZDVWRHYDOXDWHWKHHIIHFWVRIFKDQJHVLQZDWHUVDOLQLW\
RQPRELOH/VDOPRQLV IRXQGLQIDUPHGVDOPRQLGVLQ WKH0XFKDODW ,QOHW%&ZKLOHFRQWUROOLQJ
IRUSRWHQWLDOFRQIRXQGLQJIDFWRUV8VLQJGDLO\IDUP-EDVHGVDOLQLW\PHDVXUHPHQWVRYHUD-\HDU
SHULRGZHEXLOWGLIIHUHQWVDOLQLW\PHWULFVWRVXPPDUL]HVDOLQLW\GURSVZLWKLQVSHFLILFSHULRGVRI
WLPH SULRU WR VHD OLFH VDPSOLQJ HYHQWV 2XU UHVXOWV VXJJHVW WKDW UHGXFHG VDOLQLW\ QHJDWLYHO\
LPSDFWHGPRELOHVHDOLFHLQWKUHHGLIIHUHQWZD\VILUVWDGLUHFWHIIHFWRQPRELOHOLFHODVWLQJQR
PRUH WKDQGD\VHFRQGDQHIIHFWPHGLDWHGE\GHWULPHQWDO LPSDFWVRQSUH-PRELOH OLFHVWDJHV
DQG WKLUG DQ HIIHFW SRVVLEO\ DVVRFLDWHG ZLWK UHGXFHG IHFXQGLW\ RI SDUHQWV RI WKDW OLFH FRKRUW
7KHVHILQGLQJVFRQILUPWKHLPSRUWDQWUROHRIVDOLQLW\RQVHDOLFHSRSXODWLRQG\QDPLFVLQ%&DQG
FRQWULEXWHQHZNQRZOHGJHZKLFKLVXVHIXOLQXQGHUVWDQGLQJVHDOLFHSDWWHUQVDQGGHWHUPLQDQWVLQ
WKLVUHJLRQ 
 
 
1. ,QWURGXFWLRQ 
 
7KHFRSHSRG/HSHRSKWKHLUXVVDOPRQLVFRPPRQO\UHIHUUHGWRDVVHDOLFHLVDPDMRUHFWRSDUDVLWH
RIERWKIDUPHGDQGZLOGVDOPRQLGVLQ WKHQRUWKHUQKHPLVSKHUHFDXVLQJVWUHVVUHGXFHGJURZWK
DQG SRRU IHHG-FRQYHUVLRQ HIILFLHQF\ ,Q FDVHV RI KHDY\ LQIHVWDWLRQ ILVK GHDWK PD\ DOVR RFFXU
&RVWHOOR  %XUND HW DO 7KH VHD ORXVH LV FRQVLGHUHG D PDMRU KHDOWK WKUHDW IRU WKH
IDUPHG VDOPRQ LQGXVWU\ ZRUOGZLGH &RVWHOOR  ,Q DGGLWLRQ WKHUH LV FRQFHUQ DERXW WKH
SRWHQWLDO QHJDWLYH LPSDFWV WKDW OLFHRULJLQDWHG IURPVDOPRQ IDUPVPD\KDYHRQZLOG VWRFNV LQ
UHJLRQV VXFKDV%ULWLVK&ROXPELD %&DQG1RUZD\ZKHUH WKHVDOPRQ LQGXVWULHVFRH[LVWVZLWK
LPSRUWDQWSRSXODWLRQVRIZLOGVDOPRQLGVDOWKRXJK WKLV LVDTXHVWLRQRIDFWLYHVFLHQWLILFGHEDWH
%URRNV%URRNV	6WXFFKL.UNRãHNHWDO-DFNVRQHWDO.UNRãHNHW
DO 
 
$OWKRXJK/ VDOPRQLV LV FRPPRQO\ UHSRUWHGRQ IDUPHG$WODQWLF VDOPRQ LQ%& 6DNVLGD HW DO
DEVHDOLFHGRQRWUHSUHVHQWDVLJQLILFDQWKHDOWKWKUHDW WRIDUPHGVDOPRQVWRFNVLQ
WKLV UHJLRQ +LVWRULFDOO\ GDPDJH DV D UHVXOW RI VHD OLFH LQIHFWLRQ KDV QRW EHHQ UHSRUWHG LQ WKLV
UHJLRQDQGYHWHULQDULDQVGRQRWFRQVLGHU LW WREHDQ LPSRUWDQWGLVHDVH 6DNVLGDHW DOE
 
 
7KHPDLQFRQFHUQUHJDUGLQJVHDOLFHLQ%&LVWKHSRWHQWLDOWKUHDWWKDWSDUDVLWHVRULJLQDWLQJIURP
IDUPHGVDOPRQPD\SRVHWRZLOG3DFLILFVDOPRQLGV0RUWRQHWDO6DNVLGDHWDO 
 
7KHDQQXDOWHPSRUDOSDWWHUQRIVHDOLFHLQIHVWDWLRQRQ$WODQWLFVDOPRQLQ%&LVFKDUDFWHUL]HGE\D
FRQVLVWHQWLQFUHDVHLQDXWXPQDQGDPDUNHGGHFUHDVHLQVXPPHU6DNVLGDHWDODE
0DUW\HWDO:KLOHLWLVEHOLHYHGWKHDXWXPQLQFUHDVHVDUHPRVWO\GXHWRWKHUHWXUQRIDGXOW
3DFLILFVDOPRQWRWKHLUQDWDOULYHUV%HDPLVKHWDO6DNVLGDHWDOD0DUW\HWDO
WKHUHLVQRFODULW\UHJDUGLQJWKHFDXVHVRIWKHGHFOLQHLQVXPPHU7UHDWPHQWVDUHFHUWDLQO\
SDUWRIWKHUHDVRQDVWKHVHDUHRIWHQDSSOLHGHDUO\LQWKH\HDUWRPLQLPL]HVHDOLFHQXPEHUVRQ
IDUPVSULRUWRZLOGMXYHQLOHRXW-PLJUDWLRQDVZHOODVGXULQJWKHPRQWKVRI0DUFKWR-XO\ZKHQ
PDQGDWRU\ WUHDWPHQWVDUH UHTXLUHZKHQHYHUDEXQGDQFH LVJUHDWHU WKDQPRWLOH OLFH6DNVLGDHW
DO1HYHUWKHOHVVLQPDQ\FDVHVIDUPVUHPDLQZHOOZLWKLQFRPSOLDQFHOHYHOVLQWKHDEVHQFH
RIDQ\WUHDWPHQWDSSOLFDWLRQDQGDVVXFKRWKHUIDFWRUVHJHQYLURQPHQWDODUHOLNHO\UHVSRQVLEOH
IRUWKHGHFUHDVHVREVHUYHG 
 
0DULQHZDWHUVDURXQGWKH%&FRDVWDUHFKDUDFWHUL]HGE\PDUNHGVHDVRQDOYDULDWLRQVLQVDOLQLW\
DVVRFLDWHGZLWKLPSRUWDQWIUHVKZDWHUVXSSOLHVRULJLQDWHGIURPSUHFLSLWDWLRQLQZLQWHUDQGVQRZ
PHOWLQJ LQ VSULQJ %HDPLVK HW DO  )RUHPDQ HW DO  ,Q OLJKW RI WKH IDFW WKDW
H[SHULPHQWDO UHVHDUFK KDV UHYHDOHG WKDW UHGXFHG VDOLQLW\ LPSDLUV VXUYLYDO DQG GHYHORSPHQW RI
ODUYDHFRSHSRGLGVFKDOLPLL-RKQVRQ	$OEULJKW7XFNHUHWDO*HQQDHWDO
%ULFNQHOOHWDODQGSRVVLEO\PRELOHVWDJHVRI/VDOPRQLV:ULJKWHWDOVDOLQLW\
YDULDWLRQLVDQREYLRXVFDQGLGDWHWRKHOSH[SODLQVHDOLFHG\QDPLFVLQ%&7KLVLGHDZDVH[SORUHG
E\%URRNVZKRXVHGDQRFHDQRJUDSKLFPRGHOWRSURSRVHWKDWUHGXFHGVDOLQLW\ZDWHUVLQ
WKH%URXJKWRQ$UFKLSHODJR ZKLFKQRUPDOO\ RFFXU -XQH WKURXJK1RYHPEHUQDWXUDOO\ FRQWUROV
VHDOLFHGLVSHUVDOLQWKHDUHD 
 
,Q JHQHUDO REVHUYDWLRQDO VWXGLHV KDYH IDLOHG WR UHYHDO VLJQLILFDQW DVVRFLDWLRQV EHWZHHQ /
VDOPRQLVDEXQGDQFHDQGVDOLQLW\OHYHOVLQ%&DQGRWKHUUHJLRQV6DNVLGDHWDOD-DQVHQHW
DO  ,Q D UHYLHZ RI UHVHDUFK WKDW KDV EHHQ FRQGXFWHG LQ %& WKH DXWKRUV QRWH WKDW WKH
VDOLQLW\ GDWD PD\ KDYH EHHQ LQVXIILFLHQW LQ TXDQWLW\ TXDOLW\ RU YDULDWLRQ WR GHWHFW VLJQLILFDQW
DVVRFLDWLRQVDQGUHFRPPHQGXVLQJORQJHUWLPHVHULHVWRXQGHUVWDQGWKHIDFWRUVFRQWULEXWLQJWR/
VDOPRQLV DEXQGDQFH RQ IDUPHG $WODQWLF VDOPRQ 6DNVLGD HW DO  0RUH UHFHQWO\ DQ
REVHUYDWLRQDOVWXG\IRXQGDSRVLWLYHVLJQLILFDQWDVVRFLDWLRQEHWZHHQVDOLQLW\OHYHOVDQGVHDOLFH
DEXQGDQFHRQZLOGDQGFDSWLYHVDOPRQIURP%&5HHVHWDO&RPSOHPHQWDULO\XQGHUWKH
DVVXPSWLRQ WKDW VDOLQLW\ QHJDWLYHO\ LPSDFWV VHD OLFH VXUYLYDO PDWKHPDWLFDO PRGHOV KDYH
GHPRQVWUDWHG WKDWVDOLQLW\KDVDNH\UROHRQVHD OLFHSRSXODWLRQG\QDPLFV5RJHUVHWDO
5LWWHQKRXVHHWDO 
 
,Q WKLV LQYHVWLJDWLRQZHXVHGD-\HDU ORQJ UHFRUGRIGDLO\ VDOLQLW\PHDVXUHPHQWVDWGLIIHUHQW
GHSWKV WDNHQ RQ ILYH VDOPRQ IDUPV LQ 0XFKDODW ,QOHW %ULWLVK &ROXPELD ZLWK WKH REMHFWLYH RI
HYDOXDWLQJWKHZDWHUVDOLQLW\HIIHFWRQKRVW-DWWDFKHG/VDOPRQLVRQIDUPHG$WODQWLFVDOPRQ%\
DSSO\LQJDSSURSULDWHHSLGHPLRORJLFDODSSURDFKHVWRWKHVHREVHUYDWLRQDOGDWDZHKRSHGWRJDLQD
EHWWHUXQGHUVWDQGLQJRIVHDOLFHSDWWHUQVDQGGHWHUPLQDQWVLQWKLVUHJLRQ 
 
 
2. 0DWHULDODQGPHWKRGV 
 
 
 
2.1. 6WXG\DUHD 
7KLVORQJLWXGLQDOVWXG\ZDVFRQGXFWHGLQ0XFKDODW,QOHWDNPORQJLQOHWORFDWHGRQWKHZHVW
FRDVW RI 9DQFRXYHU ,VODQG %ULWLVK &ROXPELD 7KLV LQOHW KDUERXUV ILYH ILVK IDUPV DOO UHDULQJ
$WODQWLF VDOPRQ DQG ZKLFK EHORQJ WR D VLQJOH FRPSDQ\ )DUPV LQ WKH 0XFKDODW ,QOHW DUH
UHODWLYHO\LVRODWHGIURPRWKHUVDOPRQIDUPVRQ9DQFRXYHU,VODQG 
 
2.2. 'DWD 
7KHGDWDXVHGLQWKLVVWXG\ZHUHSURYLGHGE\WKHVDOPRQIDUPLQJFRPSDQ\IRUHDFKRIWKHILYH
ILVK IDUPV WKDWZHUH DFWLYH LQ WKHDUHD DW YDULRXV WLPHV IURP WR7KHGDWD LQFOXGHG
LQIRUPDWLRQRQVHDOLFHHQYLURQPHQWDODQGSURGXFWLRQYDULDEOHV6HDOLFHGDWDZHUHUHFRUGHGDW
WKHFDJHOHYHOW\SLFDOO\RQFHSHUPRQWKDQGFRQVLVWHGRI/VDOPRQLVFRXQWVFODVVLILHGDVSUH-
PRELOHVWDJHV FRSHSRGLGVDQGFKDOLPLLPRELOHVWDJHV SUH-DGXOWVDQGDGXOWPDOHVDQGDGXOW
IHPDOHV ZLWK RU ZLWKRXW HJJ VWULQJV (DFK PRQWK  WR  PHDQ  FDJHV ZHUH VDPSOHG WR
HVWLPDWH VHD OLFH DEXQGDQFH ,Q JHQHUDO ZKHQ WKH PRQWKO\ VDPSOLQJ LQFOXGHG PRUH WKDQ RQH
FDJH VHD OLFH VDPSOHV ZHUH QRW WDNHQ RQ WKH VDPH GD\ EXW RYHU D UDQJH RI  WR  GD\V
PHDQ $WHDFKFDJHDVDPSOHUDQJLQJIURPWRILVKPHDQ ZDVWDNHQILVKZHUH
DQHVWKHWLVHGDQGWKHQXPEHURIOLFHFRXQWHGRQHDFKILVK2QFHUHFRYHUHGIURPDQDHVWKHVLDILVK
ZHUHSODFHGEDFNLQWRWKHFDJH7KHWRWDOQXPEHURIOLFHZDVFDOFXODWHGE\VXPPLQJLQGLYLGXDO
FRXQWVDQGDGGLQJDQ\GHWDFKHGSDUDVLWHVWKDWZHUHSUHVHQWLQWKHWRWHXVHGGXULQJFRXQWLQJ7KH
DVVRFLDWHG QXPEHU RI VDPSOHG ILVK ZDV DOVR SURYLGHG &RPSOHPHQWDU\ LQIRUPDWLRQ UHODWLQJ WR
RUDOGHORXVLQJWUHDWPHQWHYHQWVZDVDOVRSURYLGHG WKLV LQFOXGHGWUHDWPHQWGDWHVFDJHV WUHDWHG
DQGWKHSKDUPDFHXWLFDODJHQWDGPLQLVWHUHG 
 
7KHHQYLURQPHQWDOGDWDQDPHO\ZDWHUVDOLQLW\DQGWHPSHUDWXUHZHUHUHFRUGHGRQDGDLO\EDVLVDW
HDFK IDUP DW    DQG  PHWUH GHSWKV ZKHQHYHU D VLWH ZDV DFWLYH LH ZKHQ ILVK ZHUH
SUHVHQW(QYLURQPHQWDOPHDVXUHPHQWVZHUHW\SLFDOO\WDNHQSULRUWRWKHPRUQLQJIHHGDWDURXQG
 DQG DOZD\V DW WKH VDPH ORFDWLRQ RQ HDFK VLWH :DWHU VDOLQLW\ ZDV UHFRUGHG LQ SDUWV SHU
WKRXVDQGSSWXVLQJDQ5+6-$7&UHIUDFWRPHWHU+XDNH,QVWUXPHQW&R*XDQJGRQJ&KLQD
DQGWHPSHUDWXUHLQGHJUHHV&HOVLXV&XVLQJDQ2[\*XDUG+DQG\3RODULVSRUWDEOHPHWHUZKLFK
KDYHDSUHFLVLRQRI-SSWDQG&UHVSHFWLYHO\3URGXFWLRQYDULDEOHVLQFOXGLQJPHDQILVK
ZHLJKWDQGHVWLPDWHGWRWDOQXPEHURIILVKZHUHSURYLGHGDWWKHIDUPOHYHORQDGDLO\EDVLV7KH
VWDUWDQGHQGGDWHVRIHDFKILVKSURGXFWLRQF\FOHZHUHLQIHUUHGIURPWKHVHSURGXFWLRQYDULDEOHV 
 
2.3. 6WXG\GHVLJQ 
%HFDXVHLQPRVWFDVHVVHDOLFHVDPSOLQJHYHQWVZHUHQRWUHSHDWHGRQWKHVDPHFDJHHDFKPRQWK
VHDOLFHGDWDIURPDQ\VLQJOHFDJHZDVVSDUVHRYHUWLPH7KHUHIRUHZHFROODSVHGVHDOLFHGDWDWR
WKHIDUPOHYHOE\VXPPLQJVHDOLFHFRXQWVDQGWKHQXPEHURIILVKVDPSOHGDFURVVFDJHVZKRVH
VDPSOLQJGDWHVZHUHIHZHUWKDQGD\VDSDUW7KLVSHUPLWWHGXVWRZRUNZLWKDOOYDULDEOHVDWWKH
IDUPOHYHO 
 
7KHRXWFRPHRI LQWHUHVWZDV WKHPRELOH OLFHPHDQDEXQGDQFH OLFHSHU ILVK DW WKH IDUP OHYHO
ZKLFKZDVFDOFXODWHGDVWKHVXPRIWKHSUH-DGXOWDGXOWPDOHDQGDGXOWIHPDOHJUDYLGDQGQRQ-
JUDYLGOLFHLQGLYLGXDOFRXQWVGLYLGHGE\WKHWRWDOILVKVDPSOHG 
 
:DWHU VDOLQLW\ KDV EHHQ LQFOXGHG LQ VHYHUDO REVHUYDWLRQDO VWXGLHV DLPHG DW PRGHOOLQJ VHD OLFH
 
 
DEXQGDQFHV ,QJHQHUDO WKHHIIHFWRI VDOLQLW\ KDVEHHQ UHSUHVHQWHG LQ WKHVHPRGHOVE\D VLQJOH
VDOLQLW\UHFRUGIURPWKHVDPHGD\RUZHHNDVWKHVHDOLFHVDPSOLQJHYHQW$VZHZHUHSURYLGHG
ZLWKGDLO\VDOLQLW\UHFRUGVZHKDGWKHRSSRUWXQLW\WRUHSUHVHQWVDOLQLW\LQPRUHHODERUDWHZD\V
DQGWRH[SORUHVDOLQLW\HIIHFWVQRWRQO\RQPDWXUHVHDOLFHEXWDOVRRQHDUOLHUOLIHVWDJHV7RWKLV
HQGZHVHWIRXUWHPSRUDOZLQGRZVEHIRUHHDFKVHDOLFHVDPSOLQJHYHQWRYHUVSHFLILFWLPHSRLQWV
WRPDWFKWKHGHYHORSPHQWDOVWDJHVRIWKHORXVHDFFRUGLQJWRWKH/VDOPRQLVOLIHF\FOH+D\ZDUG
HWDO+DPUHHWDODQGDVVXPLQJDFRQVWDQWZDWHUWHPSHUDWXUHRI&)RUHDFK
ZLQGRZ ZH FDOFXODWHG D VHULHV RI PHWULFV DLPHG DW VXPPDUL]LQJ WKH YDULDELOLW\ LQ VDOLQLW\ LQ
GLIIHUHQWZD\VZLWKLQWKHVHZLQGRZV 
 
%DVHGRQWKHH[SHFWHGVDOLQLW\HIIHFWVRQVHDOLFHWKHVHWHPSRUDOZLQGRZVZHUHUHIHUUHGWRDVWKH
VKRUW-PLG-ORQJ-DQGORQJHU-WHUPZLQGRZV7KHVKRUW-WHUPZLQGRZZDVSODFHGIURPWR
GD\VEHIRUHWKHVHDOLFHVDPSOLQJHYHQWDQGZDVWDUJHWHGDWVDOLQLW\LPSDFWVRQPRELOHOLFHSUH-
DGXOWDQGDGXOWJURXSV7KHPLG-WHUPZLQGRZZDVIURPWRGD\VEHIRUHDJLYHQVHDOLFH
VDPSOH WKLV -GD\ ZLQGRZ ZDV WDUJHWHG WR UHSUHVHQW VDOLQLW\ HIIHFWV RQ SUH-PRELOH OLFH
FKDOLPXVDQGDQGFRSHSRGLGV7KHORQJ-WHUPZLQGRZZDVWRGD\VSULRU WRWKHVHD
OLFHVDPSOLQJHYHQWDQGLWZDVLQWHQGHGWRFKDUDFWHUL]HVDOLQLW\ LPSDFWVRQWKHIUHH-VZLPPLQJ
OLFHVWDJHVQDXSOLXVDQGDQGHJJV)LQDOO\WKHORQJHU-WHUPZLQGRZZDVVHWIURPWR
GD\VEHIRUHDJLYHQVDPSOHWRFDSWXUHSRWHQWLDOVDOLQLW\HIIHFWVRQSDUHQWV¶IHFXQGLW\ 
 
)RU WKH VKRUW-WHUP ZLQGRZ VDOLQLW\ OHYHOV ZHUH ILUVW VXPPDUL]HG LQ WKUHH GLIIHUHQW IRUPV WKH
DULWKPHWLF PHDQ WKH QXPEHU RI GD\V WKDW VDOLQLW\ OHYHOV GURSSHG EHORZ D FHUWDLQ FULWLFDO
WKUHVKROGDQGWKHVXPRIGDLO\VDOLQLW\GLIIHUHQFHVEHWZHHQDFHUWDLQFULWLFDO WKUHVKROGDQGWKH
UHFRUGHGGDLO\ VDOLQLW\ (T&ULWLFDO WKUHVKROGVZHUHVHW DWDQGSSW DFFRUGLQJ WR
UHVHDUFK RQ WKH HIIHFW RI UHGXFHG VDOLQLW\ RQ / VDOPRQLV ZKLFK IRXQG  SSW LV WKH RSWLPXP
VDOLQLW\IRUVHDOLFHGHYHORSPHQWZKLOHVDOLQLWLHVLQWKHUDQJHRIDQGDUHGHELOLWDWLQJDQG
EHORZSSWDUHOHWKDO%ULFNQHOOHWDO)RUH[DPSOHIRUWKHWKUHVKROGRISSWDGDLO\
VDOLQLW\UHFRUGLQJRIZDVHTXLYDOHQWWRDGURSRIXQLWV6DOLQLW\YDOXHVHTXDOWRRUDERYHWKH
FULWLFDO WKUHVKROG ZHUH DOO VHW WR ]HUR7KH VXP RI GDLO\ VDOLQLW\ GURSV EHORZ D FHUWDLQ FULWLFDO
WKUHVKROGZDVFDOFXODWHGDVIROORZV 
 ෍ ሺ߬ െ ݏ݈ܽௗሻା௡೏ିଵௗୀଵ  (T 
 
:KHUH݊ௗLVWKHQXPEHURIGD\VLQWKHFXUUHQWWHPSRUDOZLQGRZݏ݈ܽௗLVWKHZDWHUVDOLQLW\DW݀GD\VEHIRUHDJLYHQVHD OLFHVDPSOHDQG߬ LV WKHFULWLFDOVDOLQLW\ WKUHVKROGZKLFKFDQ WDNH WKH
YDOXHVRIRUSSW7KHSOXV VLJQ  LQGLFDWHV WKDWQHJDWLYHRXWFRPHV IRU ሺ߬ െ ݏ݈ܽௗሻZHUHVHWWR]HUR 
 
%HFDXVH OLWHUDWXUHVXJJHVWV WKDW UHGXFHGVDOLQLW\ZLOOKDYHD UDSLG LPSDFWRQPRELOH OLFH IURP
KRXUVWRDIHZGD\V0F/HDQHWDO3RZHOOHWDO:ULJKWHWDOZHH[SORUHG
WKHRSWLRQRIZHLJKWLQJVDOLQLW\GURSVSURSRUWLRQDOO\WRWKHWLPHEHWZHHQWKHGDWHRIWKHVDOLQLW\
GURSDQGWKHGDWHRIWKHVHDOLFHVDPSOH7RWKLVHQGZHXVHGDSRZHUGLVWDQFHZHLJKWIXQFWLRQ
ZKLFKJLYHVKLJKHUZHLJKWV WRPRUH UHFHQW VDOLQLW\GURSHYHQWV (T%\PRGLI\LQJ LWVRQO\
SDUDPHWHUDOSKDĮZHFRXOGUHGLVWULEXWHWKHZHLJKWVRYHUWKHWHPSRUDOZLQGRZDOORZLQJXVWR
 
 
HYDOXDWHDUDQJHRIVFHQDULRV&RQVHTXHQWO\LQDGGLWLRQWRWKHWKUHHVDOLQLW\PHWULFVPHQWLRQHG
DERYH ZH FRPSXWHG WLPH-ZHLJKWHG YHUVLRQV IRU WKH VXP RI GD\V WKDW VDOLQLW\ OHYHOV GURSSHG
EHORZDFHUWDLQFULWLFDOWKUHVKROGDQGIRUWKHVXPRIGDLO\VDOLQLW\GURSVEHORZDFHUWDLQFULWLFDO
WKUHVKROG7KHWLPH-ZHLJKWHGVXPRIGDLO\VDOLQLW\GURSVEHORZDFHUWDLQFULWLFDO WKUHVKROGZDV
FDOFXODWHGDVIROORZV 
 ෍  ?݀ఈ ሺ߬ െ ݏ݈ܽௗሻା௡೏ିଵௗୀଵ  
 
(T 
:KHUHߙLVDSRVLWLYHFRQVWDQWZKLFKZDVDVVLJQHGWKHYDOXHVRIRU 
 
,Q DGGLWLRQ WR WKDWGDLO\ VDOLQLW\YDOXHVREVHUYHGRQ WKHVDPSOLQJGD\DQGRQRQH WZR WKUHH
IRXU DQG ILYH GD\V SULRU WR D JLYHQ VHD OLFH VDPSOLQJ HYHQW ZHUH DOVR DQDO\]HG LQ RUGHU WR
HYDOXDWHSRWHQWLDOVKRUW-WHUPVDOLQLW\HIIHFWV LQDVLPSOHUZD\$IXOOGHVFULSWLRQRI WKHVDOLQLW\
PHWULFVXVHGLQWKHVWXG\LVSUHVHQWHGLQ7DEOH)RUPLG-ORQJ-DQGORQJHU-WHUPZLQGRZVWKH
IROORZLQJ VDOLQLW\ PHWULFV ZHUH FDOFXODWHG WKH DULWKPHWLF PHDQ WKH VXP RI GD\V WKDW VDOLQLW\
OHYHOV GURSSHG EHORZ D FHUWDLQ FULWLFDO WKUHVKROG DQG WKH VXP RI GDLO\ VDOLQLW\ GURSV EHORZ D
FHUWDLQFULWLFDOWKUHVKROG%HFDXVHWKHVHWHPSRUDOZLQGRZVZHUHSODFHGIXUWKHUIURPWKHVHDOLFH
VDPSOLQJHYHQWZHGLGQRWH[SHFWWKDWPRUHUHFHQWVDOLQLW\GURSVZLWKLQ WKRVHZLQGRZVZRXOG
KDYH JUHDWHU LPSDFWV RQ PRELOH OLFH FRXQWV WKDQ WKRVH IXUWKHU LQ WLPH FRQVHTXHQWO\ WLPH-
ZHLJKWHGVDOLQLW\PHWULFVZHUHQRWFDOFXODWHGIRUWKHVHWKUHHZLQGRZV 
 
2WKHUSUHGLFWRUVZHUHDOVRLQFRUSRUDWHGLQWKHDQDO\VLV%HFDXVHZDWHUWHPSHUDWXUHZDVSURYLGHG
DVDGDLO\UHFRUGVDPHDVVDOLQLW\DQGZHZHUHLQWHUHVWHGLQGLVWLQJXLVKLQJLWVHIIHFWRQGLIIHUHQW
VHD OLFH GHYHORSPHQWDO VWDJHV ZH FDOFXODWHG WKH PHDQ WHPSHUDWXUH IRU HDFK RI WKH WHPSRUDO
ZLQGRZVGHVFULEHGDERYH,QDGGLWLRQERWKWKHPHDQILVKZHLJKWDQGWKHWRWDOQXPEHURIILVKRQ
WKHIDUPRQWKHGD\RIWKHVDPSOLQJHYHQWZHUHH[SORUHG WRFRQWUROIRU ILVKDJHLHH[SRVXUH
WLPHDQGKRVWGHQVLW\UHVSHFWLYHO\7KHHIIHFWRIHDFKLQ-IHHGGHORXVLQJWUHDWPHQWZDVPRGHOHG
DVZKHWKHURUQRWD WUHDWPHQWKDGEHHQDSSOLHGZLWKLQD WHPSRUDOZLQGRZIURP WRGD\V
EHIRUHDJLYHQVHDOLFHVDPSOH 
 
,WLVLPSRUWDQWWRPHQWLRQWKDWREVHUYDWLRQDOVWXGLHVEDVHGRQVHDOLFHPRQLWRULQJGDWDJHQHUDOO\
LQFOXGHSUHFHGLQJVHDOLFHOHYHOVDVDPHDQVRIDFFRXQWLQJIRULQWHUQDOLHZLWKLQIDUPVRXUFHV
RIOLFH5HYLHHWDO-DQVHQHWDO.ULVWRIIHUVHQHWDO,QWKLVVWXG\KRZHYHU
ZHGLGQRW LQFOXGHSUHFHGLQJVHD OLFHVDPSOHVDV WKH\PD\KDYHDFWHGDV LQWHUYHQLQJYDULDEOHV
0F.HQ]LHHWDOWKLVLVDIDFWRUWKDWKDPSHUVWKHFDXVDOSDWKZD\EHWZHHQWKHH[SRVXUH
LHVDOLQLW\DQGWKHRXWFRPHLHPRELOHOLFHDEXQGDQFHZKLFKPLJKWELDVWKLVUHODWLRQVKLS 
 
)LQDOO\ZHH[SORUHGZKHWKHUDQ\RWKHUIDUP-OHYHOFRQGLWLRQVGLIIHUHQWIURPWKRVHDFFRXQWHGIRU
E\SUHGLFWRUVLQFOXGHGDOUHDG\LQWKHPRGHOKDGDQLPSDFWRQVHDOLFHDEXQGDQFH7RWKLVHQG
ZHLQFOXGHGWKHIDUPDVD-OHYHOFDWHJRULFDOSUHGLFWRURUµIL[HG¶HIIHFW LQWKHPRGHOEXLOGLQJ
SURFHVV 
 
2.4. 6WDWLVWLFDOPRGHO 
7KH PHDQ PRELOH OLFH DEXQGDQFH ZDV PRGHOHG XVLQJ OLQHDU PL[HG HIIHFWV PRGHOV ZLWK ILVK
 
 
SURGXFWLRQ F\FOH DV D UDQGRP HIIHFW ,Q RUGHU WR PHHW QRUPDOLW\ DQG KRPRVFHGDVWLFLW\
DVVXPSWLRQVZHDGGHGDQRIIVHWRI WRHDFKPRELOH OLFHPHDQDEXQGDQFHYDOXHEHIRUH ORJ
WUDQVIRUPDWLRQ,QRUGHUWRLPSURYHWKHPRGHOILWZHH[SORUHGRWKHURIIVHWVLQWKHUDQJHRI
DQGIROORZLQJWKH%R[-&R[SURFHGXUHGHVFULEHGE\9HQDEOHV	5LSOH\DQGDYLVXDO
DVVHVVPHQWRI4-4SORWVRIVWDQGDUGL]HGUHVLGXDOVRQFHWKHILQDOPRGHOZDVEXLOW7KH%R[-&R[
SURFHGXUH LQGLFDWHG WKDW  ZDV D VXLWDEOH RIIVHW IRU WKH PRGHO 7KH PRGHO HTXDWLRQ ZDV
H[SUHVVHGDV 
 ሺ ௧ܻ௖ ൅  ?Ǥ ? ?ሻ ൌ  ܺ௧௖ߚ ൅ ݑ௖ ൅ ߝ௧௖ (T 
 
ZKHUH ௧ܻ௖LVWKHPRELOHOLFHPHDQDEXQGDQFHDWWLPHWLQDSDUWLFXODUSURGXFWLRQF\FOHFܺ௧௖LVWKH YHFWRU IRU IL[HG HIIHFWV ߚ LV WKH FRUUHVSRQGLQJ FRHIILFLHQW YHFWRU ZKLOH ݑ௖ LV WKH UDQGRPHIIHFWIRUILVKSURGXFWLRQF\FOHDVVXPHGWREHLQGHSHQGHQWDQGQRUPDOO\GLVWULEXWHGZLWKPHDQ
]HURDQGYDULDQFHߪଶ(UURUVߝ௧௖ZHUHDVVXPHGWREHFRUUHODWHGGXHWRUHSHDWHGREVHUYDWLRQVLQWLPHDQG FRQVHTXHQWO\ WKLV HTXDWLRQFRPSRQHQWZDVPRGHOHGZLWK DQ H[SRQHQWLDO FRUUHODWLRQ
VWUXFWXUHLQZKLFKWKHFRUUHODWLRQLVDIXQFWLRQRIWLPHEHWZHHQVHDOLFHVDPSOHV 
 
2.5. 0RGHOEXLOGLQJDQGPRGHOYDOLGDWLRQ 
:H SURGXFHG D SUHOLPLQDU\ PRGHO FRQWDLQLQJ DOO UHOHYDQW YDULDEOHV LQ WKH V\VWHP H[FHSW IRU
WKRVH UHSUHVHQWLQJ VDOLQLW\ HIIHFWV 7KLV PRGHO ZDV EXLOW IROORZLQJ D VWHSZLVH EDFNZDUG
HOLPLQDWLRQSURFHGXUH:HWKHQWHVWHGVDOLQLW\PHWULFVIRUWKHVKRUW-WHUPZLQGRZRQHDWDWLPH
DQG UHFRUGHG$NDLNH ,QIRUPDWLRQ &ULWHULRQ $,& HVWLPDWHV )RU VDOLQLW\ PHWULFV EXLOW XSRQ D
WKUHVKROGZHFKRVHSSWDVWKHFULWLFDOWKUHVKROGYDOXHDVDILUVWRSWLRQDQGLIVLJQLILFDQWZH
WULHGWKHRWKHUWZRWKUHVKROGV7KHVDOLQLW\PHWULFDVVRFLDWHGZLWKWKHORZHVW$,&ZDVFKRVHQIRU
WKHQH[WVWHS$VLPLODUSURFHGXUHZDVFDUULHGRXWIRUVDOLQLW\PHWULFVLQWKHUHVWRIWKHWHPSRUDO
ZLQGRZV $ SUHOLPLQDU\ DVVHVVPHQW RI WKH GDWD UHYHDOHG WKDW VDOLQLW\ VKRZHG SURPLVLQJ
DVVRFLDWLRQVZLWKWKHRXWFRPHZKHQPHWULFVWDNHQDWDQGPHWUHGHSWKVZHUHXVHG7KLVZDVLQ
OLQHZLWKH[SHFWDWLRQVDVWKHORZHUDQGPRUHYDULDEOHOHYHOVRIVDOLQLW\WHQGHGWREHREVHUYHGDW
WKHVHGHSWKV)LJXUHD7KLVEHLQJWKHFDVHWKHSURFHGXUHGHVFULEHGDERYHZDVUHSOLFDWHGRQO\
IRU VDOLQLWLHV UHFRUGHGDWGHSWKVRIDQGPHWUHVSURGXFLQJ WZR ILQDO FDQGLGDWHPRGHOV7KH
ILQDOPRGHOZDVFKRVHQEHWZHHQWKHVHWZREDVHGRQVWDWLVWLFDO$,&DQGELRORJLFDOFULWHULD 
 
'XULQJ WKH PRGHO EXLOGLQJ SURFHVV WKH OHDVW VLJQLILFDQW SUHGLFWRUV ZHUH UHPRYHG IURP WKH
PRGHORQHDWDWLPHXQWLODOOUHPDLQLQJYDULDEOHVZHUHVLJQLILFDQW:DOGWHVWSXQOHVVD
FKDQJHJUHDWHUWKDQLQWKHFRHIILFLHQWVRIRWKHUSUHGLFWRUVZDVREVHUYHG0RGHOVZHUHILWWHG
XVLQJPD[LPXPOLNHOLKRRG0/HVWLPDWLRQ:KHQWZRKLJKO\FROOLQHDUSUHGLFWRUVZHUHGHWHFWHG
_U_!U 3HDUVRQFRUUHODWLRQFRHIILFLHQWWKHRQHPDNLQJPRUHELRORJLFDOVHQVHZDVNHSWLQ
WKHPRGHO0RGHOFRHIILFLHQWVZHUHVWDQGDUGL]HGWRHQDEOHDGLUHFWFRPSDULVRQRIWKHPDJQLWXGHV
RI HIIHFWV IRU SUHGLFWRUV E\ FRQYHUWLQJ HDFK YDULDEOH LQ WKH ILQDO PRGHO WR =-VFRUHV /LQHDULW\
EHWZHHQFRQWLQXRXVSUHGLFWRUVDQGWKHRXWFRPHZDVDVVHVVHGE\LQFOXGLQJTXDGUDWLFWHUPV,IWKH
ODWWHUZDVVLJQLILFDQWWKHTXDGUDWLFIRUPRIWKHSUHGLFWRUZDVUHWDLQHGLQWKHPRGHO1RUPDOLW\RI
HUURU WHUPVZDV HYDOXDWHGE\ D 4-4SORWXVLQJ VWDQGDUGL]HG UHVLGXDOVZKLOHKRPRVFHGDVWLFLW\
ZDV H[DPLQHGE\SORWWLQJ VWDQGDUGL]HG UHVLGXDOV YV ILWWHGYDOXHV$OO VWDWLVWLFDO DQDO\VHVZHUH
SHUIRUPHGZLWK6WDWDYHUVLRQ6WDWD&RUS/3 
 
 
 
 
3. 5HVXOWV 
 
3.1. 'HVFULSWLYHUHVXOWV 
6LWHVLQWKHVWXG\DUHDEHFDPHDFWLYHLQGLIIHUHQW\HDUV7KHILUVWRQHEHJDQLQDQGE\
DOOILYHIDUPVZHUHDFWLYH)DUPVFRQWULEXWHGGDWDIURPWRSURGXFWLRQF\FOHVGXULQJWKHVWXG\
SHULRG VHSDUDWHGE\ IDOORZLQJ EUHDNVRIYDULDEOHGXUDWLRQ7DEOH VXPPDUL]HV WKH \HDUVZLWK
DFWLYHSURGXFWLRQIRUHDFKIDUPGXULQJWKHVWXG\SHULRG)LJXUHGHSLFWVWKHVWXG\DUHDDQGWKH
JHRJUDSKLFORFDWLRQRIHDFKIDUPLQ0XFKDODW,QOHW 
 
7DEOH 
)LJXUH 
 
3DUWLFLSDWLQJ IDUPV FRQWULEXWHG D WRWDO RI  IDUP-OHYHO VHD OLFH VDPSOLQJ HYHQWV GXULQJ WKH
VWXG\ SHULRG ZLWK D PLQLPXP RI  DQG D PD[LPXP RI  SHU LQGLYLGXDO IDUP7KH RYHUDOO
PHGLDQ OLFH SHU ILVK ZDV  6'  IRU SUH-PRELOHV DQG  6'  IRU WRWDO
PRELOHV 7DEOH  0HDQ VHD OLFH OHYHOV LQ WKH WZR JURXSV YDULHG DFURVV IDUPV DOWKRXJK WKHUH
ZHUHQRSDUWLFXODUIDUPVZLWKFRQVLVWHQWO\KLJKHURUORZHUVHDOLFHOHYHOVRYHUWLPH,QJHQHUDO
PHDQ PRELOH OHYHOV ZHUH PRUH VLPLODU DFURVV IDUPV RYHU WLPH WKDQ SUH-PRELOH VWDJHV 7KH
WHPSRUDO SDWWHUQ RI PRELOH OLFH DW LQGLYLGXDO IDUPV ZDV FKDUDFWHUL]HG E\ VSRUDGLF VKRUW-WHUP
SHDNV)LJXUH$OOIDUPVUHSRUWHGRUGHORXVLQJWUHDWPHQWVSHUSURGXFWLRQF\FOHWRWDOOLQJ
SURFHGXUHV,QDOOFDVHVWKHGUXJXVHGZDVHPDPHFWLQEHQ]RDWH(0%ZKLFKLVDGPLQLVWHUHG
WRILVKWKURXJKIHHG7\SLFDOO\FDJH-OHYHO WUHDWPHQWV ODVWHGIURPWRGD\VPHDQGD\V
GXULQJZKLFKSHULRGDOOFDJHVRQDIDUPZHUHWUHDWHGVLPXOWDQHRXVO\ 
 
7DEOH 
 
 
:DWHUVDOLQLW\VKRZHGKLJKGDLO\YDULDELOLW\RYHUWLPH,QPRVWFDVHVWKHGDLO\FKDQJHZDVQRW
JUHDWHU WKDQSSWEXW LW UHDFKHGXS WRDSSWGLIIHUHQFH)LJXUHSUHVHQWVD VDPSOHRI WKLV
YDULDELOLW\GHSLFWLQJGDLO\VDOLQLW\VPRRWKHG$OSKD UHFRUGVPHDVXUHGDWDPHWUHGHSWK
RQIDUP)IURPWR7KHVWDQGDUGGHYLDWLRQ6'UHYHDOVWKDWWKHYDULDELOLW\RIVDOLQLW\
OHYHOVZDVJUHDWHVWDWPHWUHGHSWKDQGGHFUHDVHGPDUNHGO\DVGHSWKLQFUHDVHG7DEOH7KH
ORZHVW PHDQ VDOLQLW\ ZDV UHFRUGHG DW  PHWUH GHSWK  SSW DQG LQFUHDVHG ZLWK GHSWK
$OWKRXJK WKH VDOLQLW\ UDQJH ZDV SUDFWLFDOO\ WKH VDPH DW WKH IRXU GHSWKV a WR  SSW WKH
LQWHUTXDUWLOHUDQJHLQGLFDWHVWKDWDODUJHSURSRUWLRQRIWKHYDOXHVEHORZSSWZHUHPHDVXUHGDW
WKH  PHWUH GHSWK 7DEOH  6DOLQLW\ DOVR H[KLELWHG D VHDVRQDO SDWWHUQ ZLWK VSULQJ DQG HDUO\
ZLQWHU DVVRFLDWHG ZLWK GURSV LQ VDOLQLW\ 6HDVRQDOLW\ ZDV PRUH HYLGHQW DW VKDOORZHU GHSWKV
UHIOHFWLQJ WKH IDFW WKDW PRUH VWDEOH YDOXHV WHQGHG WR EH UHFRUGHG DV GHSWK LQFUHDVHG 7KHVH
VHDVRQDOSDWWHUQVDUHFOHDUO\REVHUYDEOHLQ)LJXUHDVKRZLQJVPRRWKHGVDOLQLW\FXUYHV$OSKD 
 DW    DQG  PHWUH GHSWKV IRU IDUP ) IURP 'HFHPEHU  WR 'HFHPEHU 
6HDVRQDOSDWWHUQVRIVDOLQLW\LQRWKHU\HDUVDQGIDUPVZHUHVLPLODUWRWKRVHVKRZQLQ)LJXUHD 
 
:DWHUWHPSHUDWXUHDOVRH[KLELWHGDPDUNHGVHDVRQDOSDWWHUQFKDUDFWHUL]HGE\ORZHUWHPSHUDWXUHV
EHWZHHQ -DQXDU\ DQG0DUFK DQGKLJKHU UHFRUGV LQ -XO\ DQG$XJXVW )LJXUH'LIIHUHQFHV LQ
WHPSHUDWXUHGLVSOD\HGOHVVYDULDELOLW\DWJUHDWHUGHSWKVDVPLJKWEHH[SHFWHGGXHWRWKHIDFWWKDW
VHD ZDWHU WHPSHUDWXUH FKDQJHV WHQG WR EH GULYHQ E\ DLU-VHD LQWHUDFWLRQV 7HPSHUDWXUH SURILOHV
 
 
UHFRUGHGDFURVVGHSWKVRQIDUP)IURP'HFHPEHUWR'HFHPEHUSURYLGHDW\SLFDO
H[DPSOHRI WKHVHSDWWHUQV )LJXUHE0HDQ WHPSHUDWXUHVGHPRQVWUDWHGDQ LQYHUVHDVVRFLDWLRQ
ZLWKGHSWKDOWKRXJKWKHGLIIHUHQFHLQPHDQWHPSHUDWXUHVPHDVXUHGDWDQGPHWUHGHSWKVZDV
OHVVWKDQRQHGHJUHHYHUVXV&7KHRYHUDOOWHPSHUDWXUHUDQJHZDVIURPWR
& DQG UHPDLQHG VLPLODU DFURVV WKH IRXU GHSWKV 7KHUH LV DOVR W\SLFDOO\ YDULDWLRQ LQ VHD ZDWHU
WHPSHUDWXUHZLWKLQDJLYHQKRXUSHULRGKRZHYHUDVRXUHQYLURQPHQWDOVDPSOLQJZDVFDUULHG
RXWLQWKHHDUO\PRUQLQJRIHDFKGD\WKLVYDULDWLRQLVQRWHYLGHQWLQWKHGDWDDQDO\VHGKHUH 
 
)LVKZHUHREVHUYHGWKURXJKRXWWKHZKROHSURGXFWLRQF\FOH7KHUDQJHRIPHDQILVKZHLJKW
DVVRFLDWHG ZLWK VHD OLFH VDPSOLQJ HYHQWV ZDV IURP  J WR  NJ ,Q WKH FDVH RI WKH WRWDO
QXPEHU RI ILVK RQ D IDUP  RI WKH REVHUYDWLRQV UDQJHG IURP  WR 
LQGLYLGXDOV 
 
3.2. 0RGHOOLQJRIVDOLQLW\HIIHFWV 
7KHPRGHOEXLOGLQJSURFHGXUHZDVFDUULHGRXWIRUPHWULFYDOXHVWDNHQDWERWKWKHDQGPHWUH
GHSWKV SURGXFLQJ WZRFDQGLGDWHPRGHOV)RU VDOLQLW\ DW PHWUH WKH ORZHVW$,&HVWLPDWHZDV
DFKLHYHGE\LQFOXGLQJWKHVDOLQLW\OHYHOUHFRUGHGRQWKHVDPHGD\DVWKHVHDOLFHVDPSOLQJHYHQW
IRU WKH VKRUW-WHUP ZLQGRZ DQG WKH PHDQ VDOLQLW\ IRU WKH PLG- DQG WKH ORQJHU-WHUP ZLQGRZV
7DEOH  SUHVHQWV WKH$,& YDOXHV DVVRFLDWHG ZLWK PRGHOV EXLOW XVLQJ PHWULFV IURP WKH  PHWUH
GHSWK,QWKHPRGHOEXLOWRQVDOLQLW\DWPHWUHVWKHEHVWILWZDVREWDLQHGZLWKWKHVDOLQLW\OHYHO
UHFRUGHGWKHVDPHGD\DV WKHVHDOLFHVDPSOLQJHYHQWIRU WKHVKRUW-WHUPZLQGRZDQGWKHPHDQ
VDOLQLW\ LQ WKH PLG-WHUP ZLQGRZ :KHQ WKH WZR FDQGLGDWH PRGHOV ZHUH FRPSDUHG WKH PRGHO
EXLOW RQ  PHWUH VDOLQLW\ UHFRUGV DFKLHYHG WKH ORZHVW $,& YDOXH ǻ$,&  Q  DQG
WKHUHIRUHZDVVHOHFWHGDVWKHILQDOPRGHO 
 
7KHILQDOPRGHOSUHVHQWHGLQ7DEOHLQGLFDWHVWKDWWKHVDOLQLW\OHYHOUHFRUGHGWKHVDPHGD\DV
WKHVHDOLFHVDPSOLQJHYHQWSUHVHQWHGDSRVLWLYHVLJQLILFDQWDVVRFLDWLRQZLWKWKHORJPRELOHVHD
OLFHDEXQGDQFHS )RUHDFKVDOLQLW\XQLWGURSLHSSWWKHFRXQWRIWRWDOPRELOHOLFH
GHFUHDVHGE\0HDQVDOLQLW\OHYHOVIURPERWKWRDQGWRGD\VEHIRUHWKHVHDOLFH
VDPSOLQJ HYHQW DOVR VKRZHG D SRVLWLYH DQG VLJQLILFDQW DVVRFLDWLRQ ZLWK PRELOH OLFH FRXQWV
SDQGS UHVSHFWLYHO\0RELOHOLFHDEXQGDQFHGHFUHDVHGE\DQGIRUHDFK
PHDQ VDOLQLW\ XQLW GURS ZLWKLQ WKHVH WZR WHPSRUDO ZLQGRZV &RUUHODWLRQV EHWZHHQ VDOLQLW\
PHWULFVLQWKHILQDOPRGHOZHUHQRWJUHDWHUWKDQ 
 
7KHPHDQZDWHU WHPSHUDWXUHHIIHFWZDVRQO\VLJQLILFDQW LQ WKH ORQJHU-WHUPZLQGRZS 
IURPWRGD\VEHIRUHWKHVHDOLFHVDPSOLQJHYHQW7KLVDVVRFLDWLRQZDVSRVLWLYHLQGLFDWLQJ
PRELOHOLFHLQFUHDVHGE\SHUHDFKDGGLWLRQDOPHDQWHPSHUDWXUHXQLW&LQWKLVWLPHSHULRG 
 
7KHPHDQILVKZHLJKWH[KLELWHGDSRVLWLYHDVVRFLDWLRQZLWKWKHPRELOHVHDOLFHPHDQDEXQGDQFH
S  ZKLFK LQGLFDWHV WKDW ILVK DUH PRUH OLNHO\ WR EHFRPH PRUH LQIHFWHG DV WKH\ EHFRPH
ODUJHURUKDYHVSHQWPRUHWLPHDWVHDZLWKDEXQGDQFHLQFUHDVLQJRQDYHUDJHE\IRUHDFK
DGGLWLRQDONJRIZHLJKW 
 
'HORXVLQJ WUHDWPHQWVZLWK(0%RFFXUULQJZLWKLQ WRGD\VEHIRUH WKHVDPSOLQJGD\ZHUH
QHJDWLYHO\DVVRFLDWHGZLWKVHDOLFHOHYHOVS :KHQHYHUDQ(0%WUHDWPHQWZDVUHSRUWHG
LQWKDWWHPSRUDOZLQGRZPRELOHOLFHDEXQGDQFHZDVORZHU 
 
 
 
7KHDXWRFRUUHODWLRQIRUHUURUWHUPVRQHGD\DSDUWZDVHVWLPDWHGWREH 
 
,Q WHUPV RI VWDQGDUGL]HG FRHIILFLHQW HVWLPDWHV WKH HIIHFW RI PHDQ VDOLQLW\ IURP  WR  GD\V
EHIRUHWKHVHDOLFHVDPSOLQJZDVWLPHVJUHDWHUWKDQERWKVDOLQLW\UHFRUGHGRQWKHVDPHGD\DV
WKHVHDOLFHVDPSOLQJHYHQWDQGPHDQVDOLQLW\IURPWRGD\VSULRUWKHVDPSOLQJHYHQW,QDQ
LQWHUPHGLDWHUDQJHWKHPDJQLWXGHRIHIIHFWVRIPHDQWHPSHUDWXUHIURPWRGD\VEHIRUHWKH
VDPSOLQJPHDQILVKZHLJKWDQG(0%WUHDWPHQWZHUHHTXLYDOHQWDOWKRXJKWKHODWWHUH[KLELWHGD
QHJDWLYHUHODWLRQVKLSZLWKWKHRXWFRPH 
 
,QQRQHRIWKHPRGHOVZHEXLOWGLGWKHVSHFLILFIDUPVLWHLQFOXGHGDVDIL[HGSUHGLFWRUSURGXFHD
VLJQLILFDQWDVVRFLDWLRQZLWKPRELOHOLFHDEXQGDQFH 
 
4. 'LVFXVVLRQ 
 
,QWKLVVWXG\ZHH[SORUHGWKHHIIHFWVRIVHDZDWHUVDOLQLW\RQPRELOH/VDOPRQLVVWDJHVRQIDUPHG
$WODQWLF VDOPRQ LQ 0XFKDODW ,QOHW %ULWLVK &ROXPELD 7R WKDW HQG ZH PRGHOHG PRELOH OLFH
DEXQGDQFHDVDIXQFWLRQRIGLIIHUHQWVDOLQLW\PHWULFVEXLOWIRUWHPSRUDOZLQGRZVVHWSULRUHDFK
VHD OLFH VDPSOLQJ HYHQWV WR PDWFK WKH GHYHORSPHQWDO VWDJHV RI OLFH :H DOVR LQFOXGHG LQ WKH
DQDO\VLVRWKHUHQYLURQPHQWDOIDFWRUVVXFKDVZDWHUWHPSHUDWXUHDQGSURGXFWLRQYDULDEOHV:KLOH
WKHIDUPV
VHDOLFHFRXQWLQJSURWRFRODOVRUHTXLUHVWKHHQXPHUDWLRQRI&DOLJXVVSHFLHVQRQHZHUH
UHFRUGHG LQ WKHGDWDVHWH[SORUHG7KLV LVFRQVLVWHQWZLWK WKHYHU\ LQIUHTXHQWREVHUYDWLRQRI &
FOHPHQVLRQZLOGVPROWVVDPSOHGLQWKHVDPHDUHD(OPRVOHPDQ\HWDODQGPD\LQGLFDWH
WKDW&DOLJXVVSHFLHVDUHPRUHVHQVLWLYHWRORZVDOLQLWLHVWKRXJKWKLVVSHFLHVLPEDODQFHZDVQRW
REVHUYHGHOVHZKHUHLQ%&3DWDQDVDWLHQNXOHWDO 
 
7KHEHVWH[SODQDWRU\VDOLQLW\PHWULFVIRUWKHILQDOPRGHOZHUHVHOHFWHGLQDEHVW-PRGHO-ILWEDVLV
XVLQJVWDWLVWLFDOFULWHULDLH$,&7KHWRSUDQNHGPRGHOLQFOXGHGVLJQLILFDQWVDOLQLW\HIIHFWVIRU
WKH VKRUW- ORQJ- DQG ORQJHU-WHUP ZLQGRZV VXJJHVWLQJ VDOLQLW\ LPSDFWHG PRELOH OLFH DW WKUHH
SDUWLFXODULQWHUYDOVRIWLPH 
 
$FFRUGLQJWRWKHILQDOPRGHOWKHPRUHDFXWHVDOLQLW\HIIHFWRFFXUUHGRQWKHVDPHGD\DVWKHVHD
OLFH VDPSOLQJ HYHQW $ VLPLODU LQWHUSUHWDWLRQ FDQ EH PDGH RQ WKH UHVXOWLQJ $,& HVWLPDWHV RI
PRGHOVLQFOXGLQJWLPH-ZHLJKWHGVXPRIGDLO\VDOLQLW\GURSVEHORZSSW$PRQJWKLVJURXSRI
PRGHOVWKHRQHXVLQJDOSKD DFKLHYHGWKHKLJKHVWILWLQGLFDWLQJWKHLPSDFWRIVDOLQLW\OHYHO
RQ WKH VDPSOLQJGD\ZDVPRUH LPSRUWDQW WKDQ WKH LPSDFWRI VDOLQLW\ OHYHOV D IHZGD\VEHIRUH
)XUWKHUPRUH WKH$,& RI WKDW PRGHO ZDV SUDFWLFDOO\ WKH VDPH DV WKH$,& RI WKH ILQDO PRGHO
ZKLFKPHDQVUHGXFHGVDOLQLW\RQHRUPRUHGD\VODWHUGLGQRWDGGDQ\DGGLWLRQDOHIIHFWRQPRELOH
OLFHRYHU WKHHIIHFWRIVDOLQLW\ UHFRUGHG WKHVDPHGD\ DV WKHVHD OLFHVDPSOLQJ&RQVLVWHQWZLWK
WKDWPRGHOV LQFOXGLQJ VDOLQLW\ PHWULFV IRU WKH VKRUW-WHUPZLQGRZ DVVLJQLQJHTXDOZHLJKWV IRU
GDLO\VDOLQLW\UHFRUGVLHVDOLQLW\PHDQDFKLHYHGORZHUPRGHOILW7KHVHILQGLQJVVXJJHVWWKDWD
GURSLQVDOLQLW\KDVDQDFXWHVKRUW-WHUPLPSDFWRQPRELOH/VDOPRQLV 
 
5HVHDUFK DGGUHVVLQJ WKH HIIHFW RI UHGXFHG VDOLQLW\ RQ VHD OLFH VXUYLYDO DQG GHYHORSPHQW LV
UHODWLYHO\VFDUFH+RZHYHUHIILFDF\HYDOXDWLRQRI³IUHVKZDWHUWUHDWPHQWV´W\SLFDOO\SSWIRU
VHD OLFH FRQWUROKDVSURYLGHGQHZ LQIRUPDWLRQ DERXW WKH LPSDFWRQ VHD OLFH H[SRVHG WRQXOO RU
 
 
YHU\ORZVDOLQLW\ZDWHU2YHUDOOUHVHDUFKKDVIRXQGWKDWUHGXFHGVDOLQLW\KDVDGHWULPHQWDOHIIHFW
RQ VHD OLFH PDLQO\ GULYHQ E\ PRUWDOLW\ DQG WKDW WKLV HIIHFW LV PRUH PDUNHG LQ HDUO\ VWDJHV
SODQNWRQLFDQGLQIHFWLYHFRSHSRGLGWKDQLQPRUHPDWXUHVWDJHV+DKQHQNDPS%ULFNQHOO
HWDO:ULJKWHWDO 
 
5HVHDUFKFRQGXFWHGWRHYDOXDWHWKHHIIHFWRIIUHVKZDWHURQKRVW-DWWDFKHG/VDOPRQLVKDVIRXQG
WKDW PRVW DGXOW OLFH GLHG DIWHU - GD\V RI FRQWLQXRXV H[SRVXUH WR IUHVKZDWHU DOWKRXJK VRPH
LQGLYLGXDOV VXUYLYHG XS WR - GD\V +DKQHQNDPS  0F/HDQ HW DO  $ UHFHQW
LQYHVWLJDWLRQUHSRUWHGWKDWSUH-DGXOWDQGPDWXUHIHPDOHOLFHQXPEHUVZHUHVLJQLILFDQWO\UHGXFHG
LPPHGLDWHO\DIWHUD-KRXUIUHVKZDWHU WUHDWPHQW LQDZHOOERDW3RZHOOHWDO LQGLFDWLQJ
WKDW ORZ VDOLQLW\ DFWV TXLFNO\ RQ PRELOH OLFH7KHVH UHVXOWV DUH FRQVLVWHQW ZLWK RXU ILQGLQJV LQ
WHUPVRIWKHUHODWLYHO\UDSLGLPSDFWRIORZVDOLQLW\RQPRELOHOLFH$VLVWKHFDVHIRUVDOPRQLGVLQ
WKHLUVHDZDWHUSKDVHVHDOLFHDUHVXVFHSWLEOHWRRVPRWLFVWUHVVZKHQVDOLQLW\LVUHGXFHGZKLFKLV
XOWLPDWHO\WKHFDXVHRIORXVHGHDWK+RZHYHULWKDVEHHQVXJJHVWHGWKDWKRVW-DWWDFKHGDGXOWVPD\
UHGXFHWKHVDOWORVVWKURXJKLRQLQWDNHIURPWKHFRQVXPSWLRQRIILVKWLVVXHRUWKDWWKHILVKPXFXV
LQZKLFK WKH\DUHHPEHGGHGPD\DFWDVDEDUULHU 6WRQHHWDO ,QDGGLWLRQ ORZVDOLQLW\
DGDSWDWLRQKDVEHHQUHSRUWHGIRUWKHPDWXUHIHPDOHVWDJHRI&DOLJXVURJHUFUHVVH\L%UDYRHWDO
 ZKLFK PD\ DOVR RFFXU LQ / VDOPRQLV7KHVH IDFWRUV DPRQJ RWKHUV FRXOG KHOS H[SODLQ
ZK\ VRPH H[SHULPHQWDO VWXGLHV UHSRUWHG QRQ-VLJQLILFDQW UHGXFWLRQV LQ DGXOW OLFH FRXQWV DIWHU
IUHVKZDWHUH[SRVXUH6WRQHHWDO:ULJKWHWDO 
 
7KH VHFRQG VDOLQLW\ HIIHFW RQ PRELOH OLFH ZDV DVVRFLDWHG ZLWK UHGXFWLRQV LQ WKH PHDQ VDOLQLW\
OHYHOVREVHUYHGIURPWRGD\VSULRUHDFKVHDOLFHVDPSOLQJHYHQW%DVHGRQWKH/VDOPRQLV
OLIHF\FOHHVWLPDWHGGHYHORSPHQWWLPH+D\ZDUGHWDO+DPUHHWDODQGDVVXPLQJ
D FRQVWDQW ZDWHU WHPSHUDWXUH RI  & ZH FDQ SUHVXPH PRVW DGXOW OLFH REVHUYHG DW D JLYHQ
VDPSOLQJHYHQWZRXOGOLNHO\KDYHEHHQLQWKHFRSHSRGLGFKDOLPXVRUFKDOLPXVVWDJHGXULQJ
WKH - GD\V SULRU WR VDPSOLQJ *LYHQ SUHYLRXV UHVHDUFK IRXQG WKDW SUH-PRELOH / VDOPRQLV
VWDJHVDUHSDUWLFXODUO\VXVFHSWLEOHWRORZVDOLQLW\RUIUHVKZDWHU7XFNHUHWDO%ULFNQHOOHW
DO3RZHOOHWDO:ULJKWHWDORXUILQGLQJVFRXOGEHLQWHUSUHWHGDVVDOLQLW\
KDYLQJ DQ LPSDFW RQ WKH SUH-PRELOH DEXQGDQFH ZKLFK LV WKHQ ODWHU VHHQ WR UHGXFH DGXOW OLFH
FRXQWV6DOLQLW\H[SUHVVHGDVWKHVXPRIGDLO\VDOLQLW\GURSVEHORZSSWSURGXFHGDPRGHOZLWK
D VLPLODU ILW DVRXU ILQDOPRGHOZKLFKPDNHV VHQVHDV LW FDSWXUHVGDLO\YDULDELOLW\ LQ D VLPLODU
ZD\WRPHDQVDOLQLW\7KHVXPRIGD\VWKDWVDOLQLW\GURSSHGEHORZSSWSURGXFHGPRGHOVZLWK
SRRUHUILWWKDQRXUILQDOPRGHOSRVVLEO\EHFDXVHLWGLGQRWFDSWXUHWKHVHYHULW\RIGDLO\VDOLQLW\
GHYLDWLRQVIURPWKHVHWWKUHVKROGLHSSW 
 
7KHWKLUGVDOLQLW\HIIHFWZDVUHSUHVHQWHGE\WKHPHDQVDOLQLW\UHFRUGHGIURPWRGD\VEHIRUH
WKHVHD OLFHVDPSOLQJHYHQW7KLV WHPSRUDOZLQGRZOLNHO\FRUUHVSRQGV WR WKH WLPHSHULRGZKHQ
REVHUYHG PRELOH OLFH ZHUH FRQFHLYHG DQG VXJJHVWV WKDW UHGXFHG VDOLQLW\ GXULQJ WKLV SHULRG
QHJDWLYHO\LPSDFWHGWKHIHFXQGLW\RIWKHSDUHQWVRIWKDWFRKRUW7KHUHLVRQO\RQHSXEOLVKHGVWXG\
RQVDOLQLW\DQGVHDOLFHIHFXQGLW\FRQGXFWHGLQ&KLOHRQ&URJHUFUHVVH\L IURPIDUPHG$WODQWLF
VDOPRQ %UDYRHW DO ZKR UHSRUWHG ODUJH JUDYLG IHPDOHV DQGKLJKQXPEHUVRI HJJVSHU
VWULQJ LQ DUHDVRI ORZVDOLQLW\7KHVH DSSHDU WREH LQFRQVLVWHQWZLWK WKH UHVXOWVSUHVHQWHGKHUH
KRZHYHUWKHVWXG\LQ&KLOHUHODWHVWRDGLIIHUHQWVSHFLHVRIVHDORXVHDQGWKHVWDWLVWLFDOPHWKRGV
HPSOR\HGZHUHUXGLPHQWDU\ 
 
 
7KHWHPSRUDOZLQGRZVHWWRFDSWXUHDSRWHQWLDOVDOLQLW\HIIHFWRQSODQNWRQLFOLFHVWDJHVZDVQRW
VLJQLILFDQWLQWKHILQDOPRGHOVXJJHVWLQJWKDWVDOLQLW\GLGQRWDIIHFWWKHVHHDUO\VWDJHVLQRXUFDVH
7KLVILQGLQJFRQWUDVWVZLWKPRVWRIWKHUHVHDUFKGRQHRQUHGXFHGVDOLQLW\DQGLWVLPSDFWRQIUHH-
VZLPPLQJ / VDOPRQLV VWDJHV ZKLFK IRXQG WKDW VXUYLYDO DQG GHYHORSPHQW RI SODQNWRQLF OLFH
VWDJHVDVZHOODVVHWWOHPHQWUDWHVRIFRSHSRGLGVRQWKHKRVWGHSHQGKHDYLO\RQRSWLPDOVDOLQLW\
OHYHOVLHDWOHDVWSSW+DKQHQNDPS-RKQVRQ	$OEULJKW%URRNV*HQQD
HW DO  %ULFNQHOO HW DO  :H K\SRWKHVLVH WKDW WKH PRVW OLNHO\ UHDVRQ IRU WKLV
GLVDJUHHPHQW OLHV LQ WKH IDFW WKDW RXU VWXG\ XVHG GLIIHUHQW PHWKRGRORJLFDO DSSURDFKHV WKDQ
SUHYLRXVVWXGLHVRQWKLVPDWWHU:KLOHSUHYLRXVUHVHDUFKDVVHVVHGWKHHIIHFWRIUHGXFHGVDOLQLW\RQ
SODQNWRQLFOLFHVWDJHV LQDGLUHFWZD\ WKLV LVXVLQJSODQNWRQLFVWDJHVDV WKHVWXG\RXWFRPHZH
DWWHPSWHG WR FDSWXUH WKLV DVVRFLDWLRQ WKURXJK WKH HYDOXDWLRQ RI DGXOW OLFH VWDJHV ZKLFK LV DQ
LQGLUHFW ZD\ $QRWKHU SRVVLEOH UHDVRQ RI WKLV GLVFUHSDQF\ LV WKDW SUHYLRXV UHVHDUFK DGGUHVVLQJ
WKHVHPDWWHUVKDVPRVWO\XVHG WKHH[SHULPHQWDOVHWWLQJZKLOHLQRXUFDVHZHKDYHSXUVXHGDQ
REVHUYDWLRQDO IUDPHZRUN ZKLFK LV PRUH SURQH WR WKH HIIHFW RI FRQIRXQGLQJ IDFWRUV 7KH
DVVRFLDWLRQEHWZHHQUHGXFHGVDOLQLW\DQGIUHH-VZLPPLQJOLFHVWDJHVPD\KDYHEHHQFRQIRXQGHG
LQRXUFDVHE\WKHDFWLRQRIIDFWRUVQRWLQFOXGHGLQRXUDQDO\VLVVXFKDVH[WHUQDOVRXUFHVRIVHD
OLFH 
 
$PRQJPRGHOV LQFOXGLQJVDOLQLW\PHWULFVEDVHGRQDFULWLFDO WKUHVKROGPRGHOVXVLQJSSWDV
WKHWKUHVKROGFRQVLVWHQWO\DFKLHYHGEHWWHUILWWKDQPRGHOVEDVHGRQSSWDQGLQWXUQWKHVHZHUH
VXSHULRUWRPRGHOVXVLQJSSW7KLVPD\KDYHEHHQGXHDWOHDVWLQSDUWWRWKHIDFWWKDWVDOLQLW\
YDOXHV DERYH WKH WKUHVKROG ZHUH FRQYHUWHG WR ]HUR DQG DV VXFK ORZHU WKUHVKROGV KDG VPDOOHU
GHYLDQFHVFRPSDUHGWRKLJKHUWKUHVKROGVZKLFKXOWLPDWHO\UHGXFHGWKHYDULDELOLW\RIWKHVDOLQLW\
PHWULF 
 
6WDQGDUGL]HG FRHIILFLHQW HVWLPDWHV VXJJHVW WKDW WKH JUHDWHVW VDOLQLW\ LPSDFW RQ PRELOH OLFH
DEXQGDQFH ZDV H[HUWHG WKURXJK D GHWULPHQWDO HIIHFW RQ SUH-PRELOH VWDJHV LH FRSHSRGLG
FKDOLPXVDQG7KLVHIIHFWZDVWLPHVODUJHUWKDQERWKWKHGLUHFWVDOLQLW\HIIHFWRQPRELOH
OLFH LH VKRUW-WHUP HIIHFW DQG WKH VDOLQLW\ HIIHFW PHGLDWHG WKURXJK UHGXFWLRQ RI SURJHQLWRUV¶
IHFXQGLW\LHORQJHU-WHUPHIIHFW7KLVPHDQVWKDWDPRQJVDOLQLW\HIIHFWVLQGHQWLILHGLQRXUILQDO
PRGHOSUH-PRELOHOLFHZHUHPRUHVHQVLWLYHWRUHGXFHGVDOLQLW\WKDQPRELOHVWDJHVZKLFKDJUHHV
ZLWKH[SHULPHQWDOUHVHDUFKRQWKHVHPDWWHUV+DKQHQNDPS%ULFNQHOOHWDO:ULJKW
HWDO 
 
7KH LPSRUWDQW UROH RI ZDWHU WHPSHUDWXUH RQ VHD OLFH VXUYLYDO DQG GHYHORSPHQW LV ZHOO NQRZQ
-RKQVRQ 	 $OEULJKW  7XFNHU HW DO  6WLHQ HW DO  *URQHU HW DO 
&RQVHTXHQWO\ZHLQFOXGHGWKHPHDQZDWHUWHPSHUDWXUHIRUHDFKRIWKHWHPSRUDOZLQGRZVXVHG
WR HYDOXDWH WKH HIIHFWV RI VDOLQLW\ 7KH RQO\ VLJQLILFDQW HIIHFW IURP ZDWHU WHPSHUDWXUH ZDV
REVHUYHGRQWKHORQJHU-WHUPZLQGRZVVXJJHVWLQJWKDWZDWHUWHPSHUDWXUHPD\KDYHDQLPSDFWRQ
WKH IHFXQGLW\ RI WKH SUHFHGLQJ OLFH FRKRUW 3UHYLRXV H[SHULPHQWDO UHVHDUFK IRXQG WKDW OLFH
VXEMHFWHGWRORZHUWHPSHUDWXUHVKDGORQJHUHJJVWULQJVDQGDJUHDWHUQXPEHUVRIHJJVEXWZLWK
VPDOOHUHJJVZLWKUHGXFHGVXUYLYDELOLW\+HXFKHWDOZKLFKPLJKWH[SODLQRXUILQGLQJV
$GPLWWHGO\ZHPLJKWKDYHH[SHFWHGZDWHUWHPSHUDWXUHZKLFKLVNQRZQWRH[KLELWDQLQIOXHQFH
RQGHYHORSPHQWDOWLPHVRIVHDOLFHWRKDYHDVWURQJHUVKRUW-WHUPLPSDFWRQDEXQGDQFHZLWKWKH
VORZHUGHYHORSPHQWDOWLPHVLQFROGHUZDWHUVUHVXOWLQJLQIHZHUPRELOHOLFH+RZHYHUHYHQWKH
ILWIRUPRGHOVLQFOXGLQJPHDQWHPSHUDWXUHLQWKHORQJHU-WHUPZLQGRZDQGWKHPRGHOZLWKRXWDQ\
 
 
WHPSHUDWXUHPHWULFZDVYHU\VLPLODULHǻ$,& VXJJHVWLQJZDWHU WHPSHUDWXUHPD\SOD\D
PLQRU UROH LQ RXU PRGHOOLQJ IUDPHZRUN $V VXFK LW ZLOO EH LPSRUWDQW WKDW IXWXUH UHVHDUFK
LQYHVWLJDWHV PRUH FRPSOHWHO\ WKH SRWHQWLDO LQWHUDFWLRQV EHWZHHQ VDOLQLW\ DQG VHD ZDWHU
WHPSHUDWXUHRQVHDOLFHGHYHORSPHQW*URQHUHWDODWYDULRXVWHPSRUDOVFDOHV 
 
2WKHUSUHGLFWRUVRI LPSRUWDQFHZHUH WKHSUHVHQFHRIVHD OLFH WUHDWPHQWVDQG PHDQILVKZHLJKW
:LWKUHJDUGWRWUHDWPHQWVWKHILQDOPRGHOLQGLFDWHVWKDWPRELOHOLFHDEXQGDQFHUHGXFHGE\DUDWH
RIZKHQDQ(0%WUHDWPHQWZDVDGPLQLVWHUHGIURPWRGD\VEHIRUHWKHVDPSOLQJHYHQW
7KLV ILQGLQJ SURYLGHV DGGLWLRQDO REVHUYDWLRQDO HYLGHQFH WKDW (0% WUHDWPHQWV FRQWLQXH WR EH
HIIHFWLYH LQ UHGXFLQJ VHD OLFH OHYHOV LQ %& ZKLFK LV FRQVLVWHQW ZLWK HDUOLHU REVHUYDWLRQDO DQG
H[SHULPHQWDO ZRUN 6DNVLGD HW DO   0HDQ ILVK ZHLJKW ZDV LQFOXGHG LQ WKH ILQDO
PRGHODVDZD\WRDGMXVWIRUGLIIHUHQWVL]HDQGRUDJHRIWKHILVK7KHHIIHFWRIPHDQILVKZHLJKW
RQ PRELOH OLFH DEXQGDQFH ZDV SRVLWLYH ZKLFK ZDV H[SHFWHG DQG LV FRQVLVWHQW ZLWK RWKHU
UHVHDUFKUHVXOWV7XFNHUHWDO-DQVHQHWDO.ULVWRIIHUVHQHWDOKRZHYHULWV
VLJQLILFDQFHOHYHOZDVZHDNLQGLFDWLQJLWVUROHZDVPDUJLQDOLQRXUV\VWHP 
 
&RQWUDU\ WR H[SHFWDWLRQV VHD OLFH DEXQGDQFH GLG QRW VLJQLILFDQWO\ YDU\ DFURVV IDUPV DIWHU
DFFRXQWLQJIRURQ-VLWHPDQDJHULDODQGHQYLURQPHQWDOIDFWRUV7KLVLQGLFDWHVWKHUHZHUHQRRWKHU
IDUP-OHYHO IDFWRUV WKDW VLJQLILFDQWO\ LPSDFWHG PRELOH OLFH DEXQGDQFH $OWKRXJK FRQVLGHUDEOH
VSDWLDOYDULDWLRQLQVHDOLFHOHYHOVKDVEHHQSUHYLRXVO\UHSRUWHGLQ%&6DNVLGDHWDOELWLV
SRVVLEOHWKDWDKLJKO\VSDWLDO-VWUXFWXUHGSUHGLFWRUVXFKDVVDOLQLW\KDVUHPRYHGWKHPDMRULW\RI
WKHYDULDWLRQLQREVHUYHGVHDOLFHOHYHOVDPRQJIDUPV7DEOH7KLVVHHPVIHDVLEOHDVDUHFHQW
VWXG\ RI VHD OLFH RQ ZLOG VDOPRQ LQ WKH VDPH DUHD UHYHDOHG WKDW PXFK RI WKH REVHUYHG VSDWLDO
YDULDWLRQFRXOGEHH[SODLQHGE\VDOLQLW\OHYHOV(OPRVOHPDQ\HWDO 
 
3UHYLRXVREVHUYDWLRQDOUHVHDUFKRQGHWHUPLQDQWVRIVHDOLFHDEXQGDQFHFRQVLGHUHGWKHLQFOXVLRQ
RIZDWHUVDOLQLW\EXWIHZRIWKHPIRXQGVLJQLILFDQWVDOLQLW\HIIHFWVHJ+HXFKHWDO0RVW
RI WKHVH REVHUYDWLRQDO VWXGLHV LQFOXGHG VDOLQLW\ OHYHOV GXULQJ WKH VDPH ZHHN RU D VLPLODU
WHPSRUDOVFDOHWKDWWKHLUVDPSOHVZHUHWDNHQVRWKH\ZHUHDEOHWRWHVWRQO\VKRUW-WHUPVDOLQLW\
HIIHFWV,QWKHFXUUHQWVWXG\ZHWRRNDGYDQWDJHRIGDLO\VDOLQLW\UHFRUGVPHDVXUHGRQ-VLWHWREXLOG
DYDULHW\RIVDOLQLW\LPSDFWPHWULFVLQDQDWWHPSWWRFDSWXUHVDOLQLW\HIIHFWVDWGLIIHUHQWSHULRGV 
 
%HIRUHFORVLQJWKLVGLVFXVVLRQLWLVSHUKDSVZRUWKSURYLGLQJDZRUGRIFDXWLRQ*LYHQWKHQXPEHU
RIVDOLQLW\PHWULFVHYDOXDWHGLQWKLVVWXG\IRUYDULRXVWHPSRUDOZLQGRZVGHSWKVDQGWKUHVKROGV
ZHUDQWKHULVNRIRYHU-ILWWLQJRXUGDWDDQGLQFUHDVLQJ7\SH,HUURUZLWKVLJQLILFDQFHOHYHOVEHLQJ
KLJKHU WKDQ QRPLQDO GXH WR PXOWLSOH WHVWLQJ 2XU UHVXOWV VKRZ HVWLPDWHG UHODWLRQV GHWHUPLQHG
IURPDQH[SORUDWRU\DQDO\VLVDQGYDOLGDWLRQZLWKGDWDIURPIXWXUHVWXGLHVLVUHTXLUHGWRFRQILUP
WKHHIIHFWVRIWKHVHVDOLQLW\PHWULFV,QOLQHZLWKRXUVWXG\DLPVRIHYDOXDWLQJWKHHIIHFWVRIVHD
ZDWHUVDOLQLW\RQKRVW-DWWDFKHG/VDOPRQLVRIIDUPHG$WODQWLFVDOPRQZHGLGQRWKDYHVSHFLILF
SUH-GHILQHG K\SRWKHVHV $V VXFK RXU UHVXOWV VKRXOG QRW EH WDNHQ DV µSURYLQJ¶ VSHFLILF
UHODWLRQVKLSVEXW UDWKHUDV LGHQWLI\LQJ  LQWHUHVWLQJVDOLQLW\PHWULFVZKLFKFRXOGEH LQFOXGHG LQ
IXWXUH VWXGLHV DQG LQ WKH SURFHVV OHDG WR D EHWWHU XQGHUVWDQGLQJ RI GHWHUPLQDQWV RI VHD OLFH
G\QDPLFVLQWKLVUHJLRQ 
 
7KLVZRUNFRQVWLWXWHVWKHILUVWDWWHPSWWRH[SODLQWKHUROHRIVHDZDWHUVDOLQLW\RQKRVW-DWWDFKHG/
VDOPRQLV LQ IDUPHG$WODQWLF VDOPRQ EDVHG RQ DQ REVHUYDWLRQDO VWXG\:H KDYH PDGH H[SOLFLW
 
 
HIIRUWVWRFKDUDFWHUL]HVKRUW-WHUPVDOLQLW\HIIHFWVEXWKDYHDOVRSURYLGHGHYLGHQFHRIORQJHUWHUP
VDOLQLW\HIIHFWVOLNHO\GULYHQE\WKHLPSDFWRIVDOLQLW\RQSUH-PRELOHVWDJHVDQGSRVVLEO\RQWKH
IHFXQGLW\ RI SDUHQWV RI WKH OLFH FRKRUW REVHUYHG LQ WKH VHD OLFH VDPSOLQJ HYHQWV 2XU ILQGLQJV
SURYLGH QHZ LQVLJKWV IRU WKH XQGHUVWDQGLQJ RI / VDOPRQLV G\QDPLFV LQ %ULWLVK &ROXPELD DQG
VWUHQJWKHQWKHLGHDLQWURGXFHGE\%URRNVWKDWVDOLQLW\PD\DFWDVDµQDWXUDO¶FRQWUROIDFWRU
LQ%&XQGHUFHUWDLQFRQGLWLRQV,QWHUPVRISUDFWLFDOLPSOLFDWLRQVRXUILQGLQJVPD\VXJJHVWWKDW
WKHUH FRXOGEHV\QHUJLVPVEHWZHHQVDOLQLW\GURSV ZKLFKFDQEH IRUHFDVWHGDQGRWKHU VHD OLFH
FRQWUROPHWULFVVXFKDV WDUJHWHGSKDUPDFRORJLFDO WUHDWPHQWV.QRZLQJKRZWKHVHDUH OLNHO\ WR
LQWHUDFW PD\ KHOS IDUPHUV GHFLGH RQ WKH PRVW VXLWDEOH WLPLQJ RI WUHDWPHQWV DQG LQ VR GRLQJ
XOWLPDWHO\LQFUHDVHWUHDWPHQWHIILFDF\ 
 
 
$FNQRZOHGJHPHQWV 
 
7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH &DQDGD ([FHOOHQFH 5HVHDUFK &KDLU &(5& LQ $TXDWLF
(SLGHPLRORJ\IRUIXQGLQJWKLVUHVHDUFKDQGWR*ULHJ6HDIRRG%&/WGIRUSURYLGLQJWKHGDWDIRU
WKLVLQYHVWLJDWLRQ 
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